Abstract-Chasmas are a generalization of plasmas, i.e., the condition of quasi-neutrality is dropped. In an accompagnying paper [13] the chasma equilibria were investigated and a shielding length for chasmas was introduced which generalizes the Debye length:
INTRODUCTION
In a plasma one has by definition quasi-neutrality in volumes which have dimensions larger than the Debye length or at least a few times the Debye length. In some situations one has no quasi-neutrality over many times the Debye length. E.g., in certain discharges or in the multipactor effect [1] [2] [3] (secondary electron resonance discharge) in the cavities of linear accelerators. It is expected that chasmas occur too in certain extended double layers with currents and magnetic fields playing a role in the solar convective zone and solar atmosphere or in the terrestrial atmosphere. Callebaut and Knuyt [4] [5] [6] [7] investigated theoretically the steady state, using an approach based on a singular integro-differential equation, [8] [9] [10] . (See [11] [12] [13] [14] [15] [16] [17] [18] too.) They showed in 1-D, 2-D and 3-D that the ion density is constant provided the producing beam density is constant. Later Callebaut et al. [11] investigated the situation using the conventional approach involving all the basic equations, which then allowed to do an approximate perturbation analysis in which the steady state motions of the particles were not taken into account. They introduced the so called chasma angular frequency ω c . (See below).
In an accompanying paper [13] , we investigated chasma equilibria, distinct from the chasma steady states considered previously. Moreover, the generalization of the Debye length for chasmas was introduced, together with another characteristic length λ c over which a chasma equilibrium may have constant densities. λ c and ω c have the same structure as the generalized λ D and ω p , but use the difference of the densities instead of the sum. The relation (
In Section 3 we give first the basic equations and next recall the expressions for the chasma equilibria given in reference [13] . Next we consider perturbations of the chasma equilibria, in particular in the region where the densities and the potential are approximately constant (Section 4), followed by the conclusion (Section 5).
BASIC EQUATIONS AND CHASMA EQUILIBRIA
The basic equations here are those of continuity, momentum, Poisson and the polytropic one. They read, using a condensed notation
where the index -stands for quantities related to the electrons (charge −e) and + for the ions (once ionized, all of the same mass m + ). The density, velocity, potential and pressure are represented by n, v, p and ϕ respectively. is the electric permittivity and equals in vacuum 8.8542×10 −12 C/Vm; k B is the Boltzmann constant (1.3807 × 10 −23 J/K). The absolute temperature is T . K ∓ are constants and so are the polytropic exponentials Γ ∓ . If the ions are mono-atomic we have Γ − = Γ + = 5/3 for adiabatic cases. For the equilibrium quantities (still depending on the coordinates) we use the index 0. In equilibrium we have v = 0 and obtain:
In [13] we obtained in the 1-D case (a plane-parallel chasma, infinite in 2 directions; the x-axis perpendicular to the walls) an asymmetric solution (useful near a boundary)
and a symmetric solution (obtained as a series development)
where we have adapted the notation of Ref. [13] and replaced λ − by its more general expression λ c , taken at the origin. Note that Eq. (5) is satisfied although n ∓ and ϕ were obtained using the Boltzmann equation. However, in the perturbed momentum equation we shall use the two fluid approximation instead of the one fluid one.
PERTURBING THE CHASMA EQUILIBRIUM
Writing X = X 0 + X 1 for each variable and linearizing yields:
Now we eliminate p 1 , ∂ xx ϕ 1 and ∂ xx ϕ 0 :
The condition to treat n −0 , n +0 and ϕ 0 as a constants is x << λ c . In the symmetric case we have usually λ c >> λ D so that the approximation is valid in a reasonable range. With this approximation and putting
with C ∓ arbitrary constants we obtain
These are 2 relations between n −1 and n +1 . The compatibility condition yields the dispersion equation:
This is a bi-quadratic equation in ω and a quadratic one in k. In the usual case that m + >> m − it simplifies to
In the plasma case we recover the well known dispersion relation ω 2 = c 2 −s k 2 + e 2 n 0 / m − . In the case of an electron-positron chasma we obtain:
For the electron-positron plasma this reduces to ω 2 − 2c s k 2 − 2e 2 n 0 / m − and ω 2 = 0.
Recalling that the chasma frequency ω c was defined in previous work [11] as
(which satisfies the relation: (λ c ω c ) 2 = 2k B T /m − ) we may rewrite the relevant part of the dispersion relation (20) as
(We omit subtleties related to n +0 − n −0 being positive or not.) Often ω −e >> ω c and the change with the plasma dispersion relation is small. However, in an experiment a small change in ω can have drastic effects e.g. when resonance effects are involved as in the case of h.f. heating. We may neglect the pressure terms in Eq. (23) provided
On the other hand we must have kλ c > 1 in order to have several wavelengths in the region where the densities are constant. Multiplying both sides of Eq. (24) with λ 2 c leads to the conditions to neglect the pressure terms in the dispersion relation:
both conditions may be satisfied if n −0 (0) ≈ n +0 (0). e.g., in the plasma case there is no problem.
CONCLUSION
We have studied the perturbation of a chasma equilibrium considered in paper [13] In the region where we may consider the densities and the potential to be approximately constant we obtained a dispersion equation which is bi-quadratic in ω, but quadratic in k. If m + >> m − , it simplifies considerably. However, the chasma dispersion relation contains new combinations of frequencies based on differences between the densities of electrons and ions. Even in the approximation m + >> m − , ω p occurs in combination with ω c , the so-called chasma frequency.
Most of all we have to realize that the previous analysis applies to the region where the densities are approximately constant, i.e; over a region of the order of λ c , which is large if the densities do not differ much. However, the neighboring regions, where the densities are not constant, may not only alter the oscillation frequency, but may even have a destabilizing effect on the whole chasma. In fact in an analysis of a steady state chasma, (as occurring in the multipactor effect in accelerators) we obtained nearly always instability. However, it must be mentioned that the analysis there was approximate because the steady state motions were neglected in the perturbation theory. Clearly still many generalizations are possible.
